Abstract: Several 5-thio-substituted tetrazole derivatives were efficiently synthesized by a three-step process. The substituted tetrazol-5-thiol, namely, 1-benzyl-1H-tetrazole-5-thiol (2) was prepared by refluxing commercially available benzyl isothiocyanate (1) with sodium azide in water. The second step was the synthesis of 1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3) by thioalkylation of tetrazole-5-thiol 2 with 1,3-dibromopropane in tetrahydrofuran. Finally, the 5-thio-substituted tetrazole derivatives 4a-i were prepared by condensation of 3 with the corresponding amine or thiol. The structures of the newly synthesized compounds were characterized by NMR, LC/MS/MS, IR spectral data and elemental analysis. All the synthesized compounds were screened for their antibacterial and antifungal activities.
INTRODUCTION
Tetrazole and its derivatives have attracted interest because of their unique structure and their applications as antihypertensive, anti-allergic, antibiotic and anticonvulsant agents. [1] [2] [3] [4] [5] Number of publications and patents on the preparation, properties and applications of tetrazole derivatives is increasing every year with respect to other heterocyclic systems. Development of the tetrazole chemistry has been largely associated with the wide-scale application of these compounds in medicine, biochemistry, agriculture, etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] The tetrazole functionality plays an important role in medicinal chemistry, primarily due to its ability to serve as the bioequivalent (bioisostere) of the carboxylic acid group, 10 and also the class of tetrazole compounds has been used both as anticancer and antimicrobial agents. [1] [2] [3] [4] [5] In particular, 1-substituted tetrazole and 5-thio-substituted tetrazoles have been used in the synthesis of pharmacologically active drugs. [11] [12] [13] [14] [15] [16] [17] [18] [19] Tetrazoles are quite suitable ligands and can serve as replacement for carboxylic acids not only in medicinal chemistry, but also in supramolecular chemistry. Most importantly, tetrazoles are highly flexible ligands and can adapt easily to different binding modes. [20] [21] [22] [23] As there is also a need for new and effective broad-spectrum antifungal and antibacterial agents, it was decided to exploit this interest by ascertaining the molecular features essential for activity and utilizing them to develop a new class of drugs. Prompted by the various biological activities of tetrazole and its 5-thio substituted derivatives, the synthesis of a novel series of 5-thio substituted tetrazole derivatives and a study of their biological activities was envisioned. Thus, the synthesis of the new 5-thio substituted tetrazole derivatives 3 and 4a-i (Scheme 1 and Table I ) and an evaluation of their antibacterial and antifungal properties were the objectives of this study. 
RESULTS AND DISCUSSION

Synthesis
In order to prepare a variety of derivatives of 1-benzyl-5-(propylthio)-1H--tetrazole, 1-benzyl-5-[(3-bromopropyl)thio]tetrazole (3) was prepared as a precursor. Preparation of 1-benzyl-5-[(3-bromopropyl)thio]tetrazole was accom-167 plished as given in Scheme 1. As depicted in Scheme 1, reaction between commercially available benzyl isothiocyanate (1) and sodium azide in water provided 1-benzyl-1H-tetrazole-5-thiol 24 (2) in good yield. The isolated compound 2 was treated with 1,3-dibromopropane in tetrahydrofuran to give an intermediate, 1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3). The synthon 3 is a new compound and reported here for the first time. Compound 3 was treated with corresponding amines or thiols to afford the 5-thio-substituted tetrazole derivatives 4a-i. 
Characterization
The structures of the synthesized compounds were elucidated by 1 H-NMR, 13 C-NMR, LC-MS and IR spectroscopy, and elemental analysis, the results of which are given below. In the IR spectra, the bands due to -N=N-and C=N group, present in all compounds, were observed at about 1500 and 1388 cm -1 , respectively. The bands at about 1244 and 985 cm -1 are characteristic for the tetrazole ring system. 25 In the 1 H-NMR spectra, the 1-substituted benzylic protons appeared as singlet at about δ 5.4 ppm in all the derivatives. The other methylene protons appeared as quintets and triplets at about δ 2.2 to 2.3 ppm and 3.3 to 3.5 ppm, respectively. The aromatic protons were observed at about δ 6.9 to 7.4 ppm. In the 13 C-NMR spectra of all the synthesized compounds, tetrazole carbon and aromatic carbon peaks were observed at δ 153.5 and 128.0 to 129.5 ppm, respectively. In the mass spectra, an appropriate molecular ion peak (M + +1) was obtained for all the derivatives from ESI-MS.
Antibacterial activity
The results of the antibacterial studies against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae bacterial strains are given in Table II and compared with the standard ampicillin drug. Interestingly, out of eleven compounds, nine compounds were found to have good antibacterial activity. Among these compounds 3 and 4g were most active against the four bacterial organisms. Compounds 4a-f and 4i showed good growth inhibition towards S. aureus and E. coli, and pronounced growth inhibition for P. aeruginosa and K. pneumoniae. The remaining compounds, 2 and 4h, were found to be less active against the four bacterial organisms.
Antifungal activity
The results of the antifungal studies against Aspergillus flavus, Aspergillus fumigatus, Penicillium marneffei and Trichophyton mentagrophytes are given in Table III and compared with the standard itraconazole drug. It was observed that most of the compounds exhibited good antifungal activity. Compounds 2 and 4h were less active against all the tested organisms. Compounds 4a-f and 4i showed good antifungal activity against P. marneffei and T. mentagrophytes, and pronounced antifungal activity towards the other two fungal organisms. On the other hand, compounds 3 and 4g showed the highest antifungal activity against all four fungal strains, namely A. flavus, A. fumigatus, P. marneffei and T. menta-grophytes. 
EXPERIMENTAL
The 1 H-NMR, 13 C-NMR and DEPT experiments were performed on an Oxford AS 400 NMR instrument (Varian, City, USA) with a dual broad band. The 1 H-NMR chemical shift values are reported on the δ scale in ppm relative to TMS (δ = 0 ppm) and the 13 C-NMR chemical shifts values are reported relative to CDCl 3 (δ = 72.5 ppm). The IR spectra were recorded on a Perkin Elmer spectrum 100 FT-IR model. Column chromatography was performed with silica gel 60-120 mesh (Merck, Mumbai, India.). All the compounds were routinely checked for completion of the reaction on silica gel 60 F254 TLC plates and their spots were visualized by exposure to a UV lamp, iodine vapor or KMnO 4 reagents. The liquid chromatography part of the LC-MS system consisted of an Agilent-1100 series quaternary gradient pump with a degasser, an auto sampler and a column oven. The MS/MS part of the sys-172 DHAYANITHI et al. tem contained an API-2000 system (Sciex, Applied Bio-Systems, Canada). The yields are reported as isolated yield after purification of the compounds.
Procedure for the preparation of 1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3)
To a solution of 1,3-dibromopropane (10 g, 50 mmol) in tetrahydrofuran (200 mL), 1--benzyl-1H-tetrazole-5-thiol (2) (1.92 g, 10 mM) was added portionwise at 25-30 °C and then stirred for 3 h at the same temperature. The reaction was monitored by TLC. After completion of reaction, the reaction mixture was concentrated to dryness and the crude product was purified by column chromatography (eluent 35 % ethyl acetate-hexane). Product 3 was obtained as light brown colored gummy mass (52 % yield).
General procedure for the preparation of derivatives 4a-i
To a mixture of 1-benzyl-5-[(3-bromopropyl)thio]-1H-tetrazole (3) (10 mmol) and anhydrous powdered K 2 CO 3 (20 mmol) in ethanol (10 mL), the corresponding amine or thiol (1.2 equivalent) was added at 25 °C and stirred at this temperature for 2-3 h. The reaction was monitored by TLC. After completion of the reaction; the reaction mixture was concentrated to dryness. The residue was dissolved in dichloromethane (20 mL) and washed with water. The organic layer was concentrated under reduced pressure to give the crude product. The final product was isolated by column purification. The column was started at 10 % ethyl acetate with petroleum ether and slowly increased to 60 % ethyl acetate. Finally, the compound was isolated at 25 to 30 % ethyl acetate in petroleum ether.
Antibacterial activity
The tetrazole derivatives (2, 3 and 4a-i) were investigated for their inhibition of growth against Staphylococcus aureus (ATCC-25923), Escherichia coli (ATCC-25922), Pseudomonas aeruginosa (ATCC-27853) and Klebsiella pneumoniae (recultured) bacterial strains by the disc diffusion method. [26] [27] [28] [29] [30] [31] Batches of 100 discs (Whatman filter paper No. 1, 6 mm diameter) were each dispensed to a screw capped bottle and sterilized by dry heat at 140 °C for 1 h. Solutions of the test compounds were prepared at different concentrations in dimethylformamide (DMF). 1mL containing 100 times the amount of prepared solution in each disc was added to each bottle, which contained 100 discs. The disc of each concentration was placed in triplicate in a nutrient agar medium separately seeded with fresh bacteria. The incubation was realized at 37 °C for 24 h. Solvent and growth controls were kept separate; the zones of inhibition and minimum inhibitory concentration (MIC) were measured.
Antifungal activity
The newly synthesized compounds were also investigated for their antifungal activity against four fungal strains, namely, Aspergillus flavus (NCIM No.524), Aspergillus fumigatus (NCIM No.902), Penicillium marneffei (recultured) and Trichophyton mentagrophytes (recultured). Sabouraud agar media was prepared by dissolving peptone (1 g), D-glucose (4 g) and agar (2 g) in sterile water (100 mL) and the pH was adjusted to 5.7. Normal saline was used to make a suspension of the spores of the fungal strain for seeding. A loopful of particular fungal strain was transferred to 3 mL of saline to obtain a suspension of the corresponding species. Agar media (20 mL) was poured into each petri dish. Excess of the suspension was decanted and the plates were dried by placing them in an incubator at 37 °C for 1 h. Using an agar punch, wells (8 mm diameter) were made on these seeded agar plates and from 6.25 to 50 µg mL -1 of the test compounds in DMSO was added into each well labeled disc. Controls were run using DMSO at the same concentration as used with the test compounds. The petri dishes were pre-pared in triplicate and maintained at 37 °C for 3 to 4 days. The antifungal activity was determined by measuring the diameter of the inhibition zone. 32, 33 
CONCLUSIONS
In conclusion, a series of new 5-thio-substituted tetrazole derivatives were successfully synthesized. The antimicrobial screening suggests that all the synthesized compounds showed moderate to good activity against the tested organisms. Among the newly synthesized compounds, 4g and 3 showed the most promising antibacterial and antifungal activities. Hence, the fact that the compounds prepared in this study are chemically unrelated to the current medication, suggests that further work with similar types of analogues is clearly warranted.
